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Abstract 

The objective was to compare the effects of supplementing lactating dairy cows with synthetic (All-
rac), natural (RRR) all-rac-α-tocopheryl acetate or seaweed with a control on the concentration of 

α-tocopherol in blood and milk. Twenty four dairy cows in mid lactation, fed an organic feed ra-
tion, were randomly allocated to the four treatments in a replicated Latin square design. Plasma 

and milk α-tocopherol concentrations were higher in RRR and All-rac than in the other treatments 
and higher in RRR than in All-rac. RRR-α-tocopherol was the predominant steroisomer (> 86%), in 

both plasma and milk, whereas the remaining part was largely made up by the three synthetic 2R 
isomers. In cows fed the control, seaweed and RRR, the proportion of RRR-α-tocopherol in plasma 

and milk constituted more than 97% of the total α-tocopherol. The study demonstrated that dairy 
cows in mid and late lactation have preferential uptake of RRR-α-tocopherol compared to other 

stereoisomers. 
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Introduction 

In Northern Europe, ruminants are fed preserved forages, mainly silage, for a long period during 
winter time. Forage preservation and storage may reduce the content of vitamin E substantially, and 
supplementation with vitamin E is recommended also in organic production as low plasma levels of 
vitamin E have been observed in organic managed sheep and cattle (Beeckman et al. 2010, Govas-
mark et al., 2005). Natural vitamin supplement sources are generally difficult and expensive to de-
rive, and there is currently derogation from the EU regulation on organic production to use synthet-
ic vitamin A, D and E (European Commision 2008). However, there is an aim in organic production 
to avoid synthetic vitamins and it is therefore important to find alternative sources. It is also well 
known that the natural vitamin E isomer, RRR-α-tocopherol, has higher bioavailability than syn-
thetic all-rac-α-tocopherol that contains equal amount of all eight isomers (Meglia et al. 2006). 
Seaweed has been used as supplement to ruminants in Norway for centuries, and recent research 
may indicate that supplementation with seaweed may up-regulate antioxidant responses in animals 
(Allen et al. 2001). The objective of this study was to compare the effects of supplementing lactat-
ing dairy cows with synthetic all-rac-α-tocopheryl acetate or natural RRR-α-tocopheryl acetate or 
with seaweed on the concentration of α-tocopherol and its stereoisomers in blood and milk. 
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Material and methodology  

Twenty four Norwegian Red cattle in mid lactation (164 d in milk, SD=30) were used in a replicat-
ed 4 × 4 Latin square design with 28 d periods. The experiment was carried out in agreement with 
the laws and regulations controlling experiments on live animals in Norway. The cows were fed a 
basic ration of grass-red clover silage ad libitum and 3 kg/d flat rate of a concentrate mixture. The 
silage and the concentrate were produced according standards for organic production. The ration 
was supplemented with the following four experimental diets: SW, commercially available dried 
and ground macro algae Ascophyllum nodosum (200 g/d); RRR, natural vitamin E (2280 mg RRR-
α-tocopherol/d); All-rac, synthetic vitamin E (2280 mg all-rac-α-tocopherol/d) and a Control with-
out extra α-tocopherol or macro algae. The RRR, All-rac and Control supplements were given at a 
daily rate of 0.66 kg per cow and consisted of barley (0.75), molasses (0.04), minerals and vitamins 
A and D (0.21) and the vitamin E sources, whereas the SW was a mixture of macro algea (0.30), 
barley (0.52), molasses (0.04) and minerals (0.18) in order to be similar to the other treatments with 
respect to total mineral supplementation and applied at rate of 0.77 kg/d iso-energetically equal to 
the other treatments. Milk yield and feed intake was recorded and milk and blood samples were 
taken in the last week of each period. The content of α-tocopherol in feed, plasma and milk were 
analysed according to Jensen and Nielsen (1996). Data was analysed using the PROC MIXED pro-
cedure in SAS with treatment and period as fixed effects and replicate and cow within replicate as 
random effects. Differences among treatment means were detected using the Tukey procedure. Sig-
nificance was declared at P< 0.05.  

Results 

The dietary treatments had no effect on silage intake (14.6 kg DM/d, P=0.90), total feed intake 
(18.1 kg DM/d, P=0.99) or milk yield (16.0 kg/d, P=0.39). The intake of α-tocopherol from the 
RRR and All-rac supplements was 75 % lower than planned (Table 1), mainly due to high tempera-
ture during the pelleting process that reduced the α-tocopherol content of the supplements by 50-66 
%. Still, the total intake of α-tocopherol on RRR and All-rac diets was about 1.6 times higher than 
on the control and SW. Intake of the RRR-α-tocopherol isomer was about 70% higher on RRR than 
on All-rac and control, whilst the intake of the other 2R and 2S isomers was highest on the All-rac 
diet. The silage contained 39 mg/kg DM α-tocopherol and contributed substantially to the total in-
take of α-tocopherol (Table 1). 

Table 1. Daily α-tocopherol intake (mg/d) in dairy cows fed daily supplements of no vitamin 

E (Control), RRR-α-tocopheryl acetate (RRR), all-rac-α-tocopheryl acetate and 

seaweed (SW) (n = 24)   

Item Control RRR All-rac SW SEM P-value 
Silage 570 574 571 562 21.0 0.9328 
Concentrate 23.0ab 22.7ab 22.6b 23.6a 0.37 0.0209 
Supplement 43.5c 549a 477b 3.2c 14.3 <0.0001 
Total 636c 1146a 1070b 591c 16.6 <0.0001 
RRR-isomer  624bc 1086a 649b 591c 16.5 <0.0001 
Sum RSS, RRS, RSR 4c 28b 177a 0c 2.8 <0.0001 
Sum 2S-isomers 8c 32b 244a 0c 4.2 <0.0001 
SEM=Standard error of mean 
abc Means in same row with different superscripts are significantly different (p<0.05)  

 

Compared to the control diet, RRR increased the total content of α-tocopherol in plasma by 32 % 
and in milk by 25%, while All-rac elevated the content in plasma with 13% but had no effect on 
milk (Table 2). When the differences in plasma and milk concentrations of α-tocopherol concentra-
tions were adjusted to account for the differences in α-tocopherol intake, the concentration of α-



! Agriculture and Forestry Research, Special Issue No 362 (Braunschweig, 2012) ISSN 0376-0723 
Download: www.vti.bund.de/en/startseite/vti-publications/landbauforschung-special-issues.html 
 

 452 

tocopherol per unit of α-tocopherol consumed was 1.09 and 1.12 times greater in plasma and milk, 
respectively, when cows were fed RRR than All-rac. Seaweed supplementation had no effect on 
plasma or milk content of α-tocopherol. All-rac resulted in higher concentration of the synthetic 
isomers (RSS, RRS, RSR and 2S) in both plasma and milk than the other treatments.  

Table 2. Plasma and milk concentrations (mg/L) of α-tocopherol in dairy cow fed daily 

supplements of no vitamin E (Control), RRR-α-tocopheryl acetate (RRR), all-rac-

α-tocopheryl acetate and seaweed (SW) (n = 24) 

Item Control RRR All-rac SW SEM P-value 
α-Tocopherol in plasma 
Total 9.99c 13.17a 11.27b 10.13c 0.632 <0.0001 
RRR 9.83b 12.82a 9.69b 10.06b 0.578 <0.0001 
Sum RSS, RRS, RSR 0.15bc 0.33b 1.47a 0.07c 0.076 <0.0001 
Sum 2S 0.009b 0.017b 0.109a 0.005b 0.0051 <0.0001 
α-Tocopherol in milk 
Total 1.20bc 1.50a 1.25b 1.14c 0.052 <0.0001 
RRR 1.20b 1.47a 1.09c 1.14bc 0.050 <0.0001 
Sum RSS, RRS, RSR 0.00b 0.03b 0.14a 0.00b 0.008 <0.0001 
Sum 2S 0.001c 0.005bc 0.019a 0.001c 0.0011 <0.0001 
SEM=Standard error of mean 
abc Means in same row with different superscripts are significantly different (p<0.05) 

 

The All-rac diet had about 61 % of all isomers as RRR, whilst the RRR proportion in plasma and 
milk in cows on the All-rac diet was > 86 % (Table 3). On the other diets > 94 % of the isomers was 
the RRR-isomer in both diet and plasma and in milk. 

Table 3. Relative proportions (%) of a-tocopherol stereoisomers in diet, plasma and milk in 

dairy cow fed daily supplements of no vitamin E (Control), RRR-α-tocopheryl ace-

tate (RRR), all-rac-α-tocopheryl acetate and seaweed(SW) (n = 24) 

Item Control RRR All-rac SW SE P-value 
Total diet 
RRR 98.1a 94.7a 60.7b 100.0a 0.62 <0.0001 
Sum RSS, RRS, RSR 0.5b 1.8b 16.6a 0.0b 0.26 <0.0001 
Sum 2S 1.2c 2.8b 22.8a 0.0d 0.36 <0.0001 
Plasma       
RRR 98.4ab 97.4b 86.6c 99.2a 0.45 <0.0001 
Sum RSS, RRS, RSR 1.5bc 2.5b 12.4a 0.7c 0.42 <0.0001 
Sum 2S 0.1b 0.1b 1.0a 0.1b 0.04 <0.0001 
Milk 
RRR 99.4a 97.9a 87.4b 99.6a 0.60 <0.0001 
Sum RSS, RRS, RSR 0.5b 1.8b 11.1a 0.3b 0.16 <0.0001 
Sum 2S 0.1c 0.3b 1.5a 0.1c 0.08 <0.0001 
SEM=Standard error of mean 
abc Means in same row with different superscripts are significantly different (p<0.05) 

Discussion 

The study confirms that natural α-tocopherol (RRR) is the pre-dominating form in blood and milk 
of dairy cows, irrespective of dietary source (Meglia et al 2006; Weiss et al. 2009). The results also 
shows that dairy cows in mid and late lactation, as periparturient cows (Meglia et al 2006), have a 
preferential uptake of RRR-α-tocopherol compared with the other stereoisomers of α-tocopherol. 
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Even in treatments with low α-tocopherol contribution from the supplements (SW and Control), the 
plasma concentration of α-tocopherol was high compared to other studies and 3 times higher than 
the level of 3 mg/L that is regarded as adequate (Beeckman et al. 2010, Lindqvist et al 2011). Even 
though the silage concentration of α-tocopherol (39 mg/kg DM) was not particularly high, but simi-
lar to levels observed in other studies (Beeckman et al. 2010, Lindqvist et al 2011), it is clearly ade-
quate when the silage intake is as high as in the present study.  

The financial support from TINE SA, the Foundation for Research Levy on Agricultural Products, 
the Agricultural Agreement Research Fund and the Research Council of Norway is acknowledged. 

Suggestions to tackle the future challenges of organic animal husbandry 

Do organically managed dairy cows in mid and late lactation on diets with high intake of grass-
clover silage need extra supplement of vitamin E? 
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